Complex Lipid Biosynthesis: The Kennedy Pathway oat kernel, indicating that oleosins are inserted in the oil bodies after its synthesis. However, in our early work we found that oleosins are present only in the aleurone layer, scutellum and embryo in the oat kernel but are absent from the endosperm cells [3]. Aleurone-layer formation occurs at an early stage of development, but the formation of the embryo occurs later. Thus on the basis of our results, we cannot exclude the possibility that the accumulation of oleosin at the late stages of kernel development coincides with oil deposition in the embryo and scutellum since these tissues constitute only a minor portion of the total oil in the mature oat kernel. 
Introduction
Whereas there is a great deal of information on oil assembly in oilseeds and its relationship to polyunsaturated fatty acid biosynthesis, little appears to be available on triacylglycerol (TAG) biosynKey words: microsorne, triacylglycerol biosynthesis. Abbreviations used: TAG, triacylglycerol; PtdH, phosphatidic acid; DAG, diacylglycerol; PtdCho, phosphatidylcholine; IysoPtdH, lysophosphatidic acid; G3P, sn-glycerol 3-phosphate; AT I, glycerol-3-phosphate acyltransferase; LPCAT, lysophosphatidylcholine: acyl-CoA acyltransferase. 'To whom correspondence should be addressed (e-mail a.kstobart@ bristol.ac.uk).
thesis in vitro in microsomal membrane preparations from oleaginous filamentous fungi. Previously we have described oil assembly in Mucor circinelloides, a fungus accumulating oils rich in ylinolenic acid (1 8 : 3A6,9.'2) [1,2]. Related species of Mortierella possess A5-fatty acid desaturase activity and produce lipids containing arachidonic acid (20:4A5.8.'1,14). Hence there is interest in Mortierella alpina as a source of important 0 -6 fatty acids and recently the A5-desaturase gene from this organism has been characterized [3] . Here we report T A G assembly in microsomal membrane preparations from M . alpina.
Materials and methods

Chemicals and fungal growth
Reagent-grade chemicals were used. Fine chemicals and solvents were purchased from Sigma. 
Microsomal membrane preparations
Cultures were harvested by filtration and kept on ice and all further procedures carried out at 4 "C. Incubations were started by the addition of the microsomal membrane preparations to the reaction mixture.
Analytical procedures
Reactions were terminated by addition of 0.1 5 M acetic acid and the lipids extracted in a chloroform/methanol medium [4] . T h e chloroform phase, which contains the complex lipids and unesterified fatty acids, was reduced to dryness under N,. T h e residue was dissolved in a small volume of chloroform and the polar and neutral lipids were purified by T L C on precoated silicagel plates with chloroform/methanol/acetic acid/ water (85 : 1 5 : 10 : 3, by volume) and hexane/ diethyl ether/acetic acid (70: 30: 1, by volume), respectively. Lipid samples were removed from the plates and radioactivity determined by liquid scintillation using PCS"".
Resu I t s
Utilization of sn-glycerol 3-phosphate (G3P) and acyl-CoA in microsomal membrane preparations of M. olpina Microsomal membrane preparations were incubated with G3P and ['4C]oleoyl-CoA and at regular time intervals the reaction was terminated and radioactivity in complex lipids determined (see Materials and methods). T h e results (Figure 1) show that the major complex lipid labelled against time was phosphatidic acid (PtdH) and this was generally twice that found in other lipids. Compared with radioactivity in PtdH there was a slight lag in the appearance of label in diacylglycerol (DAG) and T A G , after which it increased almost linearly up to 80 min of incubation.
Little radioactive phosphatidylcholine (PtdCho) was present throughout the incubation period. After 80 min incubation little accumulation of label was observed in the complex lipids due to limiting acyl-CoA substrate in the reaction mixture after this time. 
Time (min)
Utilization of lysophosphatidic acid (IysoPtdH) and acyl-CoA in microsomal membrane preparations of M. alpina In the previous experiment the initial enzymecatalysed reaction in oil assembly was the acylation of G3P by the enzyme, glycerol-3-phosphate acyltransferase (AT1). In order to assess, therefore, whether AT1 was limiting in oil assembly, microsomal membranes were incubated with lysoPtdH and [14C]oleoyl-CoA and at regular time intervals the radioactivity in complex lipids was determined. T h e results ( Figure 2) show that lysoPtdH was acylated extremely efficiently with radiolabel accumulating in PtdH at the early incubation times and at an almost linear rate for some 40 min incubation. After 40 min the radioactivity in PtdH declined somewhat although this complex lipid contained the most radiolabel throughout the incubation period. After a slight lag of a few minutes radioactivity in DAG and T A G increased at a similar rate throughout the incubation period. Little radioactivity was found to accumulate in PtdCho.
Discussion
Microsomal membrane preparations from the mycelia of M . alpina catalysed the acylation of G3P and IysoPtdH and accumulated radioactivity in T A G . T h e microsomes, therefore, contained all the enzymes necessary for oil assembly and hence can be used to study the finer details of fungal T A G biosynthesis. T h e low radioactivity found in PtdCho throughout the experiments is interesting. In oilseed preparations acyl-CoA is rapidly incorporated into PtdCho, through L P C A T activity [6] . Lysophosphatidylcholine : acyl-CoA acyltransferase (LPCAT), however, is highly active in the microsomal membranes of M . alpina when measured with lysophosphatidylcholine and acylCoA [7] . T h e fungal system, therefore, appears different in this respect. Further, in oilseed microsomes, when there is carbon flow through the so-called Kennedy pathway, there is rapid conversion of DAG with PtdCho catalysed by cholinephosphotransferase, the reaction being freely reversible [6] . In the fungal microsomes little radioactivity was found in PtdCho during the acylation of G3P or lysoPtdH with radiolabelled oleoyl-CoA and the formation of DAG. Again these observations suggest differences between the fungal and oilseed systems with respect to oil assembly and its relationship to PtdCho metabolism.
